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Studies of Stone vs. Gravel in 


Traffic-Bound Roads 


By A. T. GOLDBECK 


Engineering Director, 
National Crushed Stone Asso- 
ciation, Washington, D. C. 


RUSHED stone and pit or bank gravel are fre- 

quently in competition with one another for use 
in traffic-bound roads and since pit or bank gravel 
is the cheaper and more available of the two, the 
stone producer is frequently faced with difficult com- 
petition. How to meet such competition was essen- 
tially the problem we were asked to investigate 
some months ago. If a road built of stone could be 
made of lesser thickness than one of gravel because 
of greater stability, successful competition with bank 
We 
therefore made tests to determine if a stone traffic 
bound road could be made thinner than a bank 
gravel road, both having the same wheel load carry- 
ing capacity. 

A traffic-bound road, as the name implies, is one 
which is compacted essentially by the action of 
traffic; it comes in the category of the so-called flex- 
ible type of road. It offers support to wheel loads 
by virtue of its load distributing properties. A 
traffic-bound road, like other flexible types, has vir- 
tually no resistance to bending such as does the Port- 
land cement concrete pavement and, consequently, 
it distributes the load to the underlying subgrade 
largely because of its internal frictional resistance 
and the mechanical interlocking of the particles of 
which it is composed. 

When this frictional resistance and interlock of 


1 Presented at the 30th Annual Convention, National Crushed 
ee — Edgewater Beach Hotel, Chicago, Ill., January 


particles is of a high order of magnitude, it is natural 
that the load will be spread laterally over a wider 
area of the subgrade than is the case when there is 
virtually no frictional resistance in the mass, under 
which conditions there is very little load-spreading 
value. Consequently, under such conditions a rather 
small area of the subgrade is called on to support 
the wheel load as contrasted with the larger area in 
the case where the spread is large. It follows as a 
matter of course that in one case the pressure in- 
tensity on the subgrade will be relatively low, 
whereas in the other case, that in which the small 
area of the subgrade supports the load, the pressure 
in pounds per square inch on the subgrade is rela- 
tively high. The subgrade itself must be capable of 
resisting whatever pressure comes upon it and when 
the pressure exceeds the bearing value of the sub- 
grade, the effect is to cause it to flow vertically 
wherever the high vertical pressure is applied and 
the surfacing material under those conditions, since 
it has very little resistance to bending, will follow 
the subgrade and the surfacing then becomes highly 
distorted. From these considerations it will be seen 
that when two different flexible surfaces, composed 
perhaps of different materials, and having different 
thicknesses, are subjected to the same load and the 
same pressure is produced by that load on the sub- 
grade under each of the surfaces, they may be con- 
sidered as being equal in their load-supporting ca- 
pacity. If, on the other hand, under one of the sur- 
faces there is a higher pressure produced on the sub- 
grade than under the other surface, the former is 


_less capable of supporting a given wheel load than 


is the latter. These are common principles which 
are based on the simple mechanics involved in the 
design of the flexible type of road. 
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Many tests have been made in the past in the 
laboratory of the National Crushed Stone Associa- 
tion to determine how pressures distribute them- 
selves over the subgrade under flexible road surfaces 
which are subjected to concentrated wheel loads. It 
is found, invariably, that the highest pressure on the 
subgrade occurs immediately under the center of 
the applied load and it tapers out in a bell-shaped 
curve and becomes zero at variable distances away 
from the load, depending on a number of consider- 
ations. For illustration, if the paving surface is thin, 
there will be high pressure intensity under the load 
and the distribution of that pressure with respect 
to the load will be rather limited. The load must 
then be supported by a very small area of the sub- 
grade. If, on the other hand, the surfacing material 
is thick, a much wider spread occurs in the load and 
the pressure intensity on the subgrade is very much 
reduced. A typical curve showing these pressure 
distributions on the subgrade is shown in Fig. 1. A 
complete description of the method of determining 
such pressures was given in The Crushed Stone Jour- 
nal of November-December 1939 in an article en- 
titled, “Studies of Subgrade Pressures Under Flex- 


NON RIGID TYPE SURFACE 


SUBGRADE 


Fic. 1. 


Curve Showing Vertical Pressures on Subgrade 
Due to Wheel Load. 


ible Road Surfaces” and need not be repeated here. 
As a result of numerous subgrade pressure measure- 
ments taken under a variety of flexible surfaces hav- 
ing different thicknesses, a general theory has been 
devised for the design of the flexible surface, irre- 
spective of the wheel load applied. This theory has 
been published by the National Crushed Stone Asso- 
ciation and by the Highway Research Board. It was 
given in condensed form in Stone Briefs No. 4, en- 
titled, “How to Determine the Required Thickness 
of the Non-Rigid Type of Pavement for Highways 
and Airport Runways” and in The Crushed Stone 
Journal for August-October 1940. 

These previous experiments above referred to oc- 
cupied a period of several years, making use of pres- 
sure measuring apparatus which in turn required a 
very considerable amount of research work to per- 
fect its development. With these methods and ap- 
paratus available as the result of previous develop- 
ment, it became possible to use them to very good 
advantage in the present investigation. Every effort 
was made to perform the present test in such a 
manner that the results would be tru!y comparative. 
For illustration, since the subgrade plays such a vital 
part in its effect on the load-supporting capacity of 
the entire combination of surfacing and subgrade, it 
became highly important that identically the same 
subgrade and method of compacting it be used in 
two test sections, one of stone and the other of 
gravel. 

The subgrade for both surfacing materials was 
placed in the testing bin and half of the subgrade 
was covered with six inches of gravel and the other 
half with six inches of crushed stone. In this way, 
differences in the compaction of the subgrade which 
might result if the tests were made on different days 
or if the subgrade material were placed indepen- 
dently for each test section, were thereby eliminated. 
Further, the manner of compacting the gravel and 
stone sections was identical and was carried out on 
the same day. Still further, the two different sur- 
facing materials were mixed with water to as nearly 
the same condition of wetness and the same con- 
sistency as it was possible to obtain. Extreme care 
was made to perform every operation in such a man- 
ner that there could be no doubt whatever about the 
results being strictly comparable. 


Preliminary Tests 


Preliminary tests were made with local crushed 
limestone available in the Washington market and 
coming from Martinsburg, W. Va., in comparison 
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with Potomac River sand and gravel to which was 
added a given percentage of clay. An attempt was 
made to produce mixtures which wou!d have maxi- 
mum density when compacted. The subgrade was 


- a mixture of sand and clay and had the following 


gradation: 


TABLE I 


Mechanical Analysis of Sand-Clay Subgrade 


Sieve Size Total Percent Passing 


It was thoroughly mixed with 9.5% of water and 
was placed in the test bin in 3-inch layers, cach layer 
being rammed in a uniform manner by a heavy 
tamper; the final depth of the subgrade material was 
18 inches. It was then very carefully levelled and 
soil pressure cells for measuring the subgrade pres- 


sures were embedded in the subgrade with the 


weighing face down and so arranged that the pres- 
sures recorded were those at the level of the under- 
side of the surfacing material. The stone surface 
was placed over half of the test bin and the gravel 
surface over the remaining half.. These surfaces 
were placed in two 3-inch layers and were tamped 
with a heavy handtamp. Each surfacing material 
was mixed with sufficient water to bring it to a dry 
consistency so that water tended to flush to the sur- 
face under the tamp. 

The following are the gradations used for the stone 
and gravel surfacing materials: 


TABLE II 


Preliminary Tests with West Virginia Limestone and 
Potomac River Gravel 


99 98 
38 26 
32 22 
21 15 
16 12 


In Table III are shown the test resu!ts in terms of 
the maximum pressure under the stone and under 
‘he gravel surfaces. Three different tests were made, 
the first after the surfaces had dried out for four 
days, the second after the surfaces had been allowed 
to dry out still further, and the third test after 75 lb. 
of water had been applied to the surface of each test 
section which was 3 feet by 6 feet in area and this 
water had been allowed to soak into the sections for 
a period of ten days. This added water was about 
6 per cent by weight of the solid material in each 
test section. 


TABLE III 


Subgrade Pressures Under Center of Bearing Block 
and Indentations of Block 


First Test—After Surfaces Had Dried 4 Days 


Stone Gravel 
Load Pressure Indentation Pressure Indentation 
(Lb.) (psi) (in.) (psi) (in.) 
3450 9.5 .176 14.0 .186 
7400 28.0 .356 44.0 .383 
Second Test—A fter Surfaces Had Thoroughly Dried 
Stone Gravel 
3450 4.7 .063 5.8 .075 
7400 15.0 .180 28.6 .218 
Third Test—After Taking Up Water for 10 Days 
Stone Gravel 
3450 19.0 146 22.9 159 
7400 45.8 284 69.4 380 


Discussion of Test Results 


Loads were applied through an elliptically shaped 
bearing block to simulate a tire imprint area, the 
dimensions of the block being 8 in. by 16 in. Loads 
of 3450 lb. and 7400 lb. were applied. Note that, as 
would be expected, there was a higher pressure un- 
der the 7400 lb. wheel load than under the 3450 lb. 
load. Note, also, that in the second test, where dry- 
ing out of both surfaces had occurred, there was less 
pressure than at the beginning when the sections 
had dried out for a period of only 4 days. Naturally, 
during the second test the surfaces were more rigid 
and more capable of spreading the load than in the 
first test and this accounts for the fact that the pres- 
sures were less in the second test than in the first 
test. Note, also, that in the third test after both 
surfaces had become thoroughly moist due to the 
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application of water, the pressures on the subgrade 
were very materially increased, due to the decreased 
load-spreading value of both surfaces in their wet 
condition as compared with their dry condition. Ob- 
viously, the most dangerous condition occurs when 
such surfacing materials are as wet as they will ever 
become and it is interesting to note that under the 
7400 lb. wheel load, the gravel surface in a wet con- 
dition shows a pressure of 69.4 lb. per sq. in. at the 
subgrade level as compared with only 45.8 lb. per 
sq. in, for the stone. 

These preliminary tests, therefore, show that when 
the crushed stone and the gravel surfaces are of the 
same thickness, 6 inches, the stone is more capable 
of spreading the load and produces a lesser pressure 
intensity on the subgrade, than is the case with the 
‘gravel. To put the matter in another way, the gravel, 
when of the same thickness as the stone, is less capa- 
ble of supporting wheel loads than is the stone. It 
is in a much more dangerous condition. These pres- 
sure measurements are borne out by the indentations 
which took place in the respective sections. Note, 
for illustration, in the third and most significant test, 
that the vertical indentation of the bearing block 
into the gravel was 0.38 in. as against 0.28 in. in the 
stone. This is a ratio of 1.36 to 1. The inevitable 
conclusion of these preliminary tests must be that 
the stone is a better load-supporting medium than 
the graded gravel surfacing. 


Tests Made with Materials from Illinois 


In view of the test results obtained with the ma- 
terials from the vicinity of Washington, it was 
thought well to determine if these same indications 
would be obtained if actual materials were tested 
such as used for traffic-bound construction in the 
State of Illinois. Accordingly, large samples of 
crushed limestone and of bank-run gravel were re- 
ceived in the laboratory from Illinois. It was stated 
that these samples were taken from materials ac- 
tually used for traffic-bound construction. 


Mechanical Analyses of Stone and 
Gravel as Received from Illinois 


The mechanical analyses of the stone and gravel 
samples, together with Illinois specifications Nos. 8 
and 7 for limestone and gravel, respectively, will be 
found in the following table. 


TABLE IV 
Mechanical Analyses of Stone and Gravel (as received) 


| | 
Limestone Gravel 
I. | Sample || IU. Sample 
| Spec. #8 | 2868as || Spec. #7 2870 as 
Sieve Size | received | received 
PERE 100 100 | 100 100 
60-90 75 | 65-100 85 
40-60 37. || 40-60 59 
25-50 | 39 
No. 20-40 20 
12 || 18-80 12 
No. 200...... 5-15 7 || 8-15 | 8 


The same subgrade material was used as in the 
preliminary tests hitherto described and the test was 
made in the same general manner. The results of 
the significant portion of the tests will be given in 
Tables V and VI which follow: 


TABLE V 


Subgrade Pressure Under Center of Bearing Block 
(Material Compacted Wet and Air Dried for a Week Before Test) 


Load on Bearing Block Stone Gravel 

4000 lb. 29.0 24.2 

8000 tb. 46.8 40.6 
TABLE VI 


Subgrade Pressure Under Center of Bearing Block 


(40 lb. of Water Added to Bin as Tested Above and Permitted to 
Soak into Surface 24 Hr.) 


Load on Bearing Block Stone Gravel 
4000 lb. 27.5 
8000 Ib. 67.2 50.0 


The results in the above table indicate that if the 
stone remains open and porous it may while in that 
condition not be as good a material for distributing 
the load as is the case with the gravel, for obviously 
there was a higher pressure intensity on the sub- 
grade under the stone than under the gravel. If the 
stone is laid with an absence of sufficient fine ma- 
terial to create high density, it will not attain its 
maximum load supporting capacity until ‘those fines 
have been created by grinding action of traffic. If 
these fines are created by traffic and by maintenance 
methods so that even though porous at the start, the 
stone surface rather soon becomes dense and water- 
tight, then it becomes capable of developing very 
high load spreading capacity. In view of the fact 
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that such fines are created, it was thought desirable 
to repeat the tests by the use of material which was 
initially graded to contain the fines which ultimately 
would result in service, or which might be present 
initially in some crushed stones. Accordingly, the 
tests were repeated on the same samples of lime- 
stone and gravel, altered in their gradation however, 
so that both would have more fines and be denser 
and thus simulate more nearly the final condition of 
the traffic-bound surface. The mechanical analyses 
of the stone and gravel materials used in these sub- 
sequent tests are shown in Table VII. 


TABLE VII 


Mechanical Analyses of Stone and Gravel 
As Altered to Comply with Illinois Specifications 


Limestone Gravel 

Altered Altered 

Illinois Sample Illinois Sample 

Sieve Size Spec. #8 #2868 Spec. #7 #2870 
1 in. 100 100 100 100 
60-90 79 65-100 86 
40-60 47 40-60 69 
No. 8.. 25-50 37 (#10) 30-50 54 
No. 16. 20-40 33 

15 (#40) 18-30 | (#40) 18 

No. 200 5-15 10 8-15 8.5 


The same method of procedure was used in plac- 
ing the subgrade and the respective stone and gravel 
sections as previously described and after two weeks 
of drying, load tests were made and pressure meas- 
urements obtained together with measurements of 
indentation. The results of these tests are shown in 
Table VIII. 


TABLE VIII 


Pressure Tests on Gravel and Stone Sections 
After Two Weeks of Drying, February 28, 1946 


Subgrade Pressure Under Center of Bearing Block 


Load on 
Bearing Block-lb. Gravel Stone 
4000 17.2 18.6 
8000 30.1 29.0 
Indentation of Bearing Block 
Load—Lb. Gravel Stone 
4000 0.030 0.035 
8000 0.046 0.064 
0 0.026 0.022 
Percent Moisture in Test Section 
8.8 (First 4 in. under surfacing) 


Obviously, when the gravel and stone sections are 
dry, they are both very stable and there is no prac- 
tical difference in their load supporting value or in 
the amount of deflection under the load. This is 
borne out in service and is not at all surprising. 

After the sections were tested in a dry condition, 
85 lb. (about 6.7% by weight) of water was ponded 
on each section and time was allowed for the water 
to become thoroughly dispersed before making ad- 
ditional tests. At least 10 days were required for 
the water to become thoroughly distributed, the sur- 
faces in the meantime being protected by roofing 
paper to prevent evaporation. 

In Table IX which follows are shown the results 
of tests on the respective stone and gravel sections 
which were then in a critically wet condition. 


TABLE IX 
Pressure on Subgrade | 
Load on Directly Under Bearing | Vertical Movement 
Bearing Block Block—psi | of Bearing Block—in. 
Test No. 1 2 | s || 1 2 | 3 
4000 Ib....... 36.4 44.8 48.7 -0168 | .0100 | .0097 
8000 Ib........... 85.0 81.9 83.7 .0482 | .0173 | .0154 
Total Distortion due to 3 load applications =0.0505 
4000 Ib....... | 22.5 | 33.0 | 36.0 | -0140 | .0095 .0090 
8000 Ib....... 54.5 | 59.7 | 60.2 || .0828 | .0171 .0147 


Total Distortion due to 3 load applications =0.0389 


Note: Distortion was measured after removal of load. 


In discussion of the results in Table IX it is seen 
that when the gravel is wet, it is not capable of sup- 
porting load as well as the stone. This fact is shown 
by the higher pressures on the subgrade under the 
gravel than under the stone and, also, as revealed by 
the vertical movement of the bearing block, this be- 
ing higher on the gravel section than on the stone 
section. The ratios of subgrade pressures under the 
stone as compared with the gravel are as follows: 


4000 lb. load 


8000 lb. load 


Stone 
Gravel 


Stone 
Gravel 


_ 36.0 


= 0.74 
60.2 
337 0.72 


The ratio of deflections after three applications of 


8000 lb. loads is — 


Stone 


stone 0.0389 
Gravel 0.050 


= 0.77. 
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It must be concluded from these tests made with 
the Illinois materials, that when both surfaces are 
in a wet condition, the stone is a better load sup- 
porting material than the gravel and, consequently, 
is not apt to rut as badly and therefore will require 
less maintenance than the gravel. Furthermore, in 
order that the gravel may have equally as good load 
supporting capacity as the stone, it should be thicker 
than the stone. 

Using the flexible road design formulas of the 
National Crushed Stone Association’, there is a dif- 
ference of 2 inches required in thickness between 
stone and gravel to make these surfaces equal in 
load supporting value. Also, it is evident that as the 
subgrade becomes softer and these thicknesses in- 
crease, the required difference in thickness increases. 
The ratios of thickness are as follows: 


Subgrade Bearing 

Value 
50, = = 
Gravel = = 
70, =. = a = 0.72 


Approximately, then, the stone can be made %4 as 


thick as the gravel and still furnish equally as good. 


support for wheel loads as the gravel. The gravel 
should be 33'4 percent thicker than the stone. 

The foregoing tests were.made on a subgrade that 
was relatively stable because of its low moisture con- 
tent. Hence, it was thought desirable to make still 
another test in the same way as before except that 
the subgrade was mixed with 11.5% of water. This 
created a subgrade of low bearing value, thus simu- 
lating road conditions in the spring of the year. 

Loads were applied to the surface of the limestone 
and gravel sections and subgrade pressures were 
measured. These pressures were about alike up to 
3000 lb. load, then the gravel subgrade pressures 
began to exceed the stone and at 4000 lb. load which 
was the maximum the gravel would hold, the pres- 
sure on the subgrade was 25.5 lb. under the gravel 
and only 20 lb. under the stone. The stone with- 
stood a 6000 lb. load as a maximum. Thus, at failure 
the 6-inch thickness of stone carried 50% greater 
load than the gravel. 

As another indication of the greater stability of 
the stone, its indentation under load at 4000 lb. was 


1 See Appendix. 


0.24 in. while the gravel suffered an indentation of 
over 0.8 in., a clear indication of its inferior load- 
carrying capacity. Thus, under moisture conditions 
closely simulating those of actual service, it was evi- 
dent from these tests that the stone is a much more 
stable material than the gravel and for equal thick- 
ness could support a heavier load. 


Laboratory Stability Tests on Crushed 
Limestone vs. Gravel-Sand-Clay Mixtures 


The foregoing tests for pressure created on the sub- 
grade show that the crushed limestone is a better 
load-distributing material than bank-gravel. If that 
is true, tests for stability should indicate greater 
stability for stone than for gravel. In the past, two 
different kinds of stability tests have been made in 
the laboratory of the National Crushed Stone Asso- 
ciation. One of them is described in the May-June 
1937 issue of The Crushed Stone Journal in an article 
entitled, “Tests on Stabilized Base Mixtures.” The 
stability test used in those tests is a punching shear 
test made by determining the maximum force re- 
quired to force the stabilized mixture through a 2% 
in. orifice with a 2 in. plunger, the specimen being 
held in a mold 4 inches in diameter and 2% inches 
high. The minute details of the test are not of pres- 
ent importance, but the results of tests made on a 
sand-clay gravel and a limestone sample graded as 
in Table X are given in Table XI. 


TABLE X 
Gradation 
Sieve No Percent Retained 

4 , 37 

8 56 

16 66 

30 70 
50 74 
100 78 
200 81 


TABLE XI 
Effect of Water Content on Stability of Two Different Mixtures 


| | Gravel-Sand-Clay 
| Crushed Limestone Mixtures 


Treatment of Sample | | 


 % | Stability % | Stability 
(Ib.) 
Dried for lhr.inair..... 8.1 | 4,470 9.1 | 240 
5.3) 6,650 5.2 | 4,120 
1.1 | 10,870 2.7 | 7T,020 
placed for 24 hr. on wet | | 
6.2 | 5,920 | 6.7 | 2,480 
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The samples were brought to the same consistency 
and compacted in the mold. Then stability tests 
were made after different periods of drying as shown 
in the preceding table. As drying proceeded, both 
samples gained in stability. The gravel in a wet 
condition was only one-fourth as stable as the stone; 
in a dry condition both were exceedingly stable. 

Finally, both samples were placed on a wet sub- 
grade and allowed to soak up water and were again 
tested after 24 hours with the result that to cause 
failure the stone required a load of 4830 lb. against 
only 2210 lb. for the gravel. Thus, in the wet, or 
dangerous condition, the stone was more than twice 
as stable as the gravel. 


Test for Stability of Railroad Ballast 


In still another test, described in detail in the No- 
vember 1931 issue of The Crushed Stone Journal, 
both crushed stone and gravel of railroad ballast size 
were used. After tamping each of these materials 
into a bin, in a layer 12 inches thick, a 12-inch square 
bearing block was placed on the surface and sub- 
jected to gradually increasing load. Measurements 
were made of the indentation into the surface by the 
bearing block. For corresponding indentations the 
stone withstood from 2 to 3 times as much load as 
the gravel. This is merely another check on the fact 
than angular stone does have more stability than 
rounded gravel, and, hence, for a given thickness is 
capable of spreading the load over a wider area of 
the subgrade and can thus support a heavier load. 


Circular Track Tests 


After the above described subgrade pressure tests 
were completed, the respective stone and gravel 
traffic-bound road materials from Illinois were re- 
moved from the test bin and were laid in the circu- 
lar testing track in the National Crushed Stone As- 
sociation laboratory. They were compacted in place 
by the use of a 30-lb. tamp and a 3-ft. diameter roller 
weighing 200 lb. per inch of width. They were al- 
lowed to dry and were then treated with water 
which was allowed to soak into the respective sec- 
tions so as to produce in both about the same condi- 
tion of wetness. The stone had 10.6% of water and 
the gravel 8.7%. 

Tests were then made by subjecting the track to 
the action of a pneumatic tired wheel having a 6 in. 
x 20 in. tire and carrying a load of 1900 lb. The 
wheel was run in the same path and naturally cre- 
ated a rut. The depth of the rut thus formed is a 
clear measure of the relative stability of the two 


materials under test. At the end of 5,000 revolu- 
tions, the gravel showed a rut of 0.52 inches in depth 
and the stone 0.13 inches. Thus, again, here is still 
another proof that the stone is far more stable than 
the gravel. 

Another important difference between the stone 
and the gravel sections is revealed by the profiles of 
the respective ruts formed by the rubber-tired wheel 
and is shown in Fig. 2. Note that not only is the rut 
in the gravel section deeper, but it is non-uniform. 
The gravel wears and indents in a non-uniform man- 
ner as compared with the stone and thus would 
surely require more maintenance to keep it in trav- 
elable condition. The greater depth of rut in the 
gravel section as compared with that in the stone is 
shown in Fig. 3. 

Finally, as a concluding test, the wheel was run 
for only 600 passes over both sections with water in 
the ruts previously formed and the photographs in 
Fig. 4 show the great superiority of the stone over 
the gravel section. The gravel lost far more ma- 
terial from its surface than the stone section. 


ILE OF RUTS 


SURFACE BEFORE TRAFFIC 
AFTER 5000 PASSES OF TIRE 


STONE 
| 
d 555 6 9 10 1! let 
DISTANCE IN FEET 
GRAVEL 
65 
— 
o veo. i011 le 13 14 
DISTANCE IN FEET 
Fic..2: 
Conclusions 


There have been presented the results of four dif- 
ferent kinds of tests: 


(a) A test to determine the relative ability of the 
stone and gravel sections to spread the wheel- 
load over the subgrade as shown by subgrade 
pressure measurements. 


(b) A traffic test to determine the relative resist- 
ance to actual rubber-tired traffic loads. 
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(c) A laboratory test for the rela- 
tive punching shear resistance 
which is a measure of stability, 
and 

(d) A load bearing test on crushed 
stone vs. gravel railroad ballast. 

All of these tests were entirely con- 

sistent, one with the other, and they 
show with no question whatever that 
a traffic-bound road surface made 
with angular crushed stone is greatly 
superior to that made with the gravel. 
1. It is far more stable and a lesser 
thickness of it is required to 
support the wheel loads of 
traffic. 
2.It is more uniform in its re- 
sistance to indentation and to 
displacement under traffic. 
3.It is much less affected in its 
stability and traffic resistance 
when both are in a wet condi- 
tion. 


CIRCULAR TRACK TESTS ON 


All of the tests point to the superiority of the angular crushed 
‘stone over the gravel and at least one-third more gravel would 
be required than of stone for equal load-support and even more 
gravel than of stone would be required on untreated surfaces, 
considering the lesser resistance to displacement of the gravel 
surface when subjected to water and traffic. 


Fie. 3. 


GRAVEL 


CIRCULAR TRACK TESTS ON STONE AND GRAVEL SECTIONS BOTH IN MOIST 


CONDITION. 


GRAVEL 
Fic. 4. 


STONE AND GRAVEL SECTIONS BOTH COVERED 
WITH WATER. 


APPENDIX 


The following calculations applied to 
the 8000 lb. wheel load are made to ar- 
rive at the relative thicknesses of stone 
and gravel which would be necessary to 
support this load properly and equally 
we!l under given conditions of subgrade 
support. 

In the August-October 1940 issue of 
The Crushed Stone Journal, published 
by the National Crushed Stone Associ- 
ation, will be found the development of 
a method for determining the thickness 
of the flexible type of pavement for 
supporting a given wheel load. Accord- 
ing to the theory described therein, the 
thickness of flexible pavement required 
is given by the following general for- 
mula applying to a wheel having one 
tire: 

3L, 
T= 2 


where 


T = thickness of flexible pavement 

P = tire load 

M = maximum subgrade pressure, 
also the permissible bearing 
value, 
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K = ratio of = = maximum subgrade pressure 
divided by U, the calculated equivalent uni- 
form pressure on the subgrade assumed 
over an elliptical area bounded by 45° lines 
sloping outward from the tire contact area. 

L. = % minor axis of elliptical tire contact area. 


The elliptical bearing block used in the tests was 
8” x 16”, therefore L. = 


subgrade over which, for calculation purposes only, 
the equiva'ent uniform pressure U is assumed, is 
nm (8+6) (446) = 436 sq. in. 


For a load of 8000 lb., U = 


: — 4”. The area on the 


8000 
436 


For an 8000 lb. load and using the subgrade pres- 
sures measured under the least favorable (wettest) 
surface conditions, the values of K which apply to 
the stone and gravel pavement sections respectively, 
are as follows: 


= 18.3 psi. 


For gravel: 
M _ 83.7 | 
4.57 
For stone: 
M 602 
K = = 229 


Having established the value for K, it now be- 
comes possible to calculate the thickness necessary 
to support a given wheel load on each of the respec- 
tive sections, gravel and stone. “The following cal- 
culations apply to subgrades having bearing values 
of 50, 60 and 70 psi. 


Subgrade | 
Bearing | Gravel Stone 
Value | 
| 
rM 


x 50 2 9.2 
Stone, T=./3-29 x 8000 3x4 


60 psi—Subgrade Bearing Valve 


Gravel, T= 324 


Stone, T= /3.29 x 8000 


70 psi—Subgrade Bearing Value 
Gravel, T= ./4.57 x 8000 3x4 _¢ 
Sione, T= [329% 8000 


x 7 2 


Compensation for Silicosis 


RECENT decision of the State Supreme Court 

may be expected to receive nationwide atten- 
tion as a leading case on the subject of compensation 
for industrial disability caused by silicosis. 

The case presented was that of an employee who 
had worked for one employer for about 20 years. 
Throughout that period there was exposure to silica 
dust in varying degrees. Also during that period the 
employer had changed insurance carriers on several 
occasions and during some intervals had been unin- 
sured as to occupational disease. 

When the employee became disabled from silicosis, 
he applied for compensation and named the em- 
ployer and all carriers as defendants. The Commis- 
sion dismissed as to all but the last carrier and 
granted the employee full compensation, to be paid 
by the last carrier. 

The Supreme Court held that the employee may 
elect to seek compensation from one or all successive 
employers (or successive insurance carriers) during 
whose period of employment (or coverage) exposure 
to silica dust contributed substantially to the ulti- 
mate disability. The Commission may then award 
compensation against any one or more of the defen- 
dants joined in the action, jointly and severally. 

Under the decision, the settlement of any dispute 
as to apportionment between the insurance carriers 
or employers will not hold up payment of compen- 
sation to the employee. The employee is thus pro- 
vided with prompt and full relief in conformity with 
the intent of the law. 

The defendant or defendants held liable are later 
permitted to have a determination of liability by 
way of apportionment among all employers and car- 
riers whose periods of employment or coverage con- 
tributed to the ultimate disability. 


—Bulletin of the State of California 
Department of Industrial Relations. 


: 
he 
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50 psi—Subgrade Bearing Value -— 
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J. Blair 


In Memoriam 


(ae CRUSHED STONE INDUSTRY is saddened by the death of A. J. Blair on 
April 10, 1947. 

A. J. as he was affectionately known to his host of friends was promi- 
nent in the formation of our Association. The first meeting of the Industry 
was held in Chicago on February 7, 1918, at which time Mr. Blair was 
elected President, thereby becoming the first President of the National 
Crushed Stone Association. He was re-elected President for a second term 
of office in Buffalo, N. Y. He worked diligently for the upbuilding of our 
Association and served it to the utmost of his outstanding ability. For 
many years he was a member of the Board of Directors and at the time 
of his retirement from active duties he was elected an honorary member 
of the Board, an office which he held until the time of his death. He was 
one of the recognized leaders of the Industry and even today we still feel 
the effects of his constructive planning in the early years of the youth of the 
Association. 

He had an attractive and friendly personality and endeared himself to 
all who had the pleasure of knowing him. He was born in Waukesha, 
Wisconsin, on March the 11th, 1870. In 1891 he was married to Miss Amy B. 
Hadfield of Waukesha who died in Annapolis, Md., in February 1942. He is 
survived by his daughter, Mrs. Helen B. Morrissey of Annapolis, Md., and 
by his son, Captain Roswell H. Blair, U. S. Navy (Ret.) of Cobham, Va. 
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Two Million Workers Injured on 
the Job in 1946 


HE Bureau of Labor Statistics of the Depart- 
ment of Labor has recently issued a release of 
which, the opening paragraphs read as follows: 

“More than 2 million workers were disabled dur- 
ing 1946 by work injuries, according to preliminary 
estimates of the Bureau of Labor Statistics of the 
Department of Labor. The 1946 total of 2,063,000 
was 2 per cent above the 1945 total and reversed the 
downward trend in the total number of work in- 
juries during the preceding 2 years. But the total 
is still below that of any of the war years from 1941 
to 1944. 

“The estimate of time actually lost from work be- 
cause of these injuries comes to nearly 47 million 
days, which is the equivalent of full-time employ- 
ment for an entire year of 156,000 workers. If these 
disabilities had not occurred, the country could have 
had the production and services of that many more 
workers. 

“If additional allowances are made for future ef- 
fects of the deaths and permanent impairments re- 
sulting from work injuries which occurred during 
1946, thie economic time loss chargeable to these 
injuries comes to over 237 million days. This is the 
equivalent of full-time annual employment for 
790,000 workers. 

“About 16,500 workers died from work injuries. 
Another 94,900 were permanently impaired. Of 
these, 1,800 were impaired so seriously as to be per- 
manently unfit for future industrial employment. 
Illustrative of the impairments in this group are 
those consisting of the loss or loss of use of both eyes, 
both hands or arms, or both legs or feet. 

“The remaining permanent impairments consisted 
of the partial loss or loss of use of eyes, hands, 
fingers, legs, etc. As usual, the main bulk of the 
injuries consisted of temporary total disabilities 
which enabled the workers to return to their jobs 
after complete recoveries. 

“The great increase in construction activities 
brought about an increase of nearly 35 per cent in 
work injuries in the construction industry. Fatali- 
ties increased by 500 to a total of 2,200, and the total 
injury count rose to 151,100. A still larger injury 
experience is expected during 1946 if present indi- 
cations of increased building activities materialize.” 

A tabulation indicates that out of 16,500 industrial 
workers killed in 1946, mining and quarrying ac- 
counted for 1,300 or somewhat over 8 per cent. Out 


of 1,800 permanent total disabilities, mining and 
quarrying had 200 or about 11 per cent. 

Out of 93,100 permanent-partial disabilities, 3,700 
or about 4 per cent were assessed against mining and 
quarrying; and out of 1,951,700 temporary total dis- 
abilities, mining and quarrying were charged with 
78,600 or about 4 per cent. Out of a total of all dis- 
abilities, amounting to 2,063,100, mining and quarry- 
ing had 83,800 or about 4 per cent. 


HA. A. Eiben 


IS many friends in the crushed stone industry 

will be saddened to learn of the sudden death 
of M. A. Eiben on March 7, 1947. “Mike,” as he was 
familiarly known throughout the industry, while 
visiting his gold mine at Academy, near Modesto, 
Calif., was seized with a fatal heart attack. 

For many years Mike has been actively interested 
in the affairs of the Manufacturers’ Division of the 
National Crushed Stone Association. He was elected 
a Director of the Division at its Annual Meeting in 
January 1939 and served continuously up to the time 
of his death. He also served as a Vice Chairman of 
the Division for the year 1941. 

Mike has regularly attended the Annual Conven- 
tions of the National Crushed Stone Association and 
his host of friends will sorely miss him on these 
occasions in the future. 


C. Tennant 


FTER a long illness, Phil Tennant, of the na- 

tional sales organization of the Texas Company, 
passed away on June 6 at his home near Nazareth, 
Pennsylvania. 

Phil had been actively associated with the rock 
products industries for many years preceeding his 
retirement and was well known to many crushed 
stone producers through his regular attendance at 
the annual conventions of the National Crushed 
Stone Association. He took an active interest in the 
affairs of its Manufacturers Division, serving on the 
Board of Directors from 1935 until his retirement 
from the Texas Company in 1946. 


| | 
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Bruce Hhotten 


Victim of Traffic Accident 


RUCE G. SHOTTON, long active in the affairs of 
the Manufacturers’ Division of the National 
Crushed Stone Association, and for over twenty-five 
years Manager of the Pittsburgh Office of the Hen- 
drick Manufacturing Company, met a sudden and 
untimely end when he was killed in a traffic accident 
in Marietta, Ohio, Friday, April 11, 1947. Bruce was 
spending the night in Marietta on his way to the coal 
mining district of West Virginia. He left the hotel 
about 10 P.M., was struck by an automobile while 
crossing the street and died almost immediately. 

Bruce Shotton was held in highest regard by all 
who knew him throughout the crushed stone indus- 
try. His genuine friendliness and quiet unassuming 
personality endeared him to everyone with whom 
he came in contact. 

His active participation in the affairs of the Manu- 
facturers’ Division of the National Crushed Stone 
Association began with its establishment nearly 
thirty years ago. He served on the Board of Direc- 
tors of the Division continuously until the time of 
his death and served as a Vice Chairman of the Divi- 
sion for the years 1928 and 1929. 

At the 14th Annual Convention held in St. Louis 
in 1931 he was elected Chairman of the Division and 
handled this high office with distinction. He was 
elected to represent the Manufacturers’ Division on 
the Board of Directors of the National Crushed Stone 
Association at the 1930 Annual Convention and con- 


tinued in that capacity for two additional years. On 
a number of occasions he also served on the very 
important Booth Allocation Committee of the Divi- 
sion. 

He brought to every task which he undertook hon- 
esty, loyalty, sincerity, and an enthusiastic desire to 
be of the greatest possible help. The Manufacturers’ 
Division will greatly miss him and the able counsel 
and advice which he gave so generously over a long 
period of years. Within the knowledge of the writer, 
he has. not missed attending an annual convention 
of the National Crushed Stone Association over the 
last twenty-five years and when we meet in Cincin- 
nati next January for our 32nd Annual Convention 
our hearts will be saddened because Bruce can no 
longer be with us. 


State Aid for Airports 
Advocated by ARBA Expert 


SEQ€NTATES and counties must help their munici- 
palities to finance public airports if the avia- 
tion industry is to progress, and if the country is to 
be assured a strong aircraft industry to preserve a 
long peace,” Walter R. Macatee, Manager, Airport 
Division of the American Road Builders’ Association, 
said in an airport conference in Washington recently. 
Mr. Macatee suggested that the Federal Govern- 
ment pay 50 per cent, the state, 25 per cent, and the 
sponsor, 25 per cent of the costs of an airport con- 
struction project. If a municipality and a county 
divide the sponsor’s share, each should assume 12'% 
per cent of allowable costs. 

“Small airports are needed to serve many people 
who wish to buy personal planes, but will not pur- 
chase them until they can be assured of ground facil- 
ities in their home towns for storage and operation. 
Prospective plane owners must also be assured of 
many adequate landing facilities throughout the 
United States. Until a widespread system of public 
airports can be assured, the production and operation 
of personal aircraft will lag,” he added. 

In states where sponsors’ portions of the cost of 
airport development is being shared by the states, 
there appears to be no delay in the planning and 
early completion of airports which have been pro- 
grammed by the Civil Aeronautics Administration. 
A serious delay, however, is noted in some states 
which have thus far assumed no responsibility for 
any portion of the cost involved in airport develop- 
ment. 
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MANUFACTURERS’ DIVISION 


of the 


-NATIONAL CRUSHED STONE ASSOCIATION 


These associate members are morally and financially aiding the Association in its efforts to 


protect and advance the interests of the crushed stone industry. Please give them favorable 


Allis-Chalmers Mfg. Co. 
Milwaukee, Wis. 
Crushing, Screening, Washing, Grinding, 
Cement Machinery; Motors; Texrope 
Drives; Centrifugal Pumps; Tractors 


American Cyanamid Co. 
Explosives Department 
30 Rockefeller Plaza, New York 20, N. Y. 
Explosives and Blasting Supplies 


American Manganese Steel Division of 
American Brake Shoe Company 

389 East 14th St., Chicago Heights, Ill. 

Manganese Steel Castings, Power Shovel 
Dippers, Material Handling Pumps, Heat 
and Corrosion Resistant Castings, Recla- 
— and Hard-Facing Welding Ma- 
terials 


The American Pulverizer Co. 
1249 Macklind Ave., St. Louis, Mo. 
Manufacturers of Ring Crushers and Ham- 
mermills for Primary and Secondary 
Crushing 


Atlas Equipment Corp. 

635 Ridge Ave., Pittsburgh 12, Pa. 

Shovels; Cranes; Draglines; Moto-Cranes; 
Earth Hauling Equipment; Road Rollers; 
Trailers; Asphalt Equipment; Pumps; 
Buckets; TracTracTors; Power Units; 
Tractors; Crushers; Asphalt Plants; Air 
Compressors; Shop Mules; Dirt Moving 
Equipment 


Atlas Powder Co. 
Wilmington, Del. 
Industrial Explosives and Blasting Supplies 


Bacon-Greene & Milroy 
205 Church St., New Haven, Conn. 
“FARREL-BACON” Jaw Crushers for Pri- 
mary and Secondary Operation. Convey- 
ors, Elevators, Rolls, Screens 


Bacon-Pietsch Co., Inc. 
149 Broadway, New York 6, New York 
Manufacturers of Farrel-Bacon Crushers 
and allied Screening & Conveying Equip- 
ment 


Barber-Greene Company 
Aurora, Illinois 
Portable and Permanent Belt Conveyors, 
Belt Conveyor, Idlers, Bucket Loaders 
both Wheel and Crawler Mounted, As- 
phalt Mixers and Finishers, Coal Handl- 
ing Machines 


consideration whenever possible. 


C. G. Buchanan Crushing Machinery Divi- 


sion of the Birdsboro Steel Foundry and 
Machine Co. 
1941 Furnace St., Birdsboro, Pa. 


Primary, Secondary and Finishing Crushers 
and Rolls 


Bucyrus-Erie Co. 
South Milwaukee, Wis. 


Excavating, Drilling and Material Handling 
Equipment 


Cross Engineering Co. 
Carbondale, Pa. 
Screen Plates and Sections, Perforated Plate, 
for Vibrating, Rotary and Shaking Screens 


Deister Machine Company 
1933 East Wayne Street, Fort Wayne, Ind. 


Deister Plat-O Vibrating Screen, Deister 
Compound Funnel Classifier 


Detroit Diesel Engine Division 
General Motors Corp. 
13400 West Outer Drive, Detroit 23, Mich. 
Light Weight, Compact 2 Cycle Diesel En- 
gines and “Package Power” Units for All 
Classes of Service 


Diamond Iron Works, Inc. 
Minneapolis, Minn. 
Rock Crushing, Conveying and Transmis- 
sion Machinery 


E. I. du Pont de Nemours & Co., Inc. 
Wilmington, Del. 
Explosives and Blasting Accessories 


Easton Car and Construction Co. 
Heavy-Duty Dump Body Trailers for Rock 
and Ore, Truck Bodies and Quarry Cars. 
Overhead Hoists for Dumping Haulage 
Units. Electric Heaters for Tar, Asphalt or 
Bitumen. 


Ensign-Bickford Co. 
Simsbury, Conn. 
Cordeau-Bickford Detonating Fuse and 
Safety Fuse 


Euclid Road Machinery Co. 
1361 Chardon Road, Cleveland 17, Ohio 
Heavy-Duty Trucks and Dump Trailers for 
“Off Highway” Hauls, Loaders for Earth 
Excavation 
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Frog. Switch & Mfg. Co. 

Carlisle, Pa. 

Manganese Steel Department—Manufactur- 
ers of “Indian Brand” Manganese Steel 
Castings for Frogs, Switches and Cross- 
ings, Jaw and Gyratory Crushers, Cement 
Mill, Mining Machinery, etc., Steam 
Shovel Parts 


General Electric Co. 
1 River Road, Schenectady N. Y. 
Electric Motors 


Goodyear Tire & Rubber Co. 
Akron, Ohio 
Beiting (Conveyor, Elevator, Transmission), 
Hose (Air, Water. Steam, Suction, Mis- 
cellaneous), Chute Lining (Rubber) 


Gruendler Crusher and Pulverizer Co. 
2915 N. Market St., St. Louis, Mo. 
Rock and Gravel Crushing and Screening 
Plants, Jaw Crushers, Roll Crushers, 
Hammer Mills, Lime Pulverizers 


Harnischfeger Corp. 
4400 W. National Ave., Milwaukee 14, Wis. 
A complete line of Power Excavating 
Equipment, Overhead Cranes, Hoists, 
Smootharc Welders, Welding Rod, Motors 

and Generators 


Hayward Co. 
50 Church Street, New York City 
Orange Peel Buckets, Clam Shell Buckets, 
Drag Line _ Buckets, Electric Motor 
Buckets, Automatic Take-up Reels 


Heidenreich Eng. Co. 
Newburgh, N. Y. 


Hendrick Mfg. Co. 

Carbondale, Pa. 

Perforated Metal Screens, Perforated Plates 
for Vibrating, Shaking and Revolving 
Screens; Elevator Buckets; Hendrick Vi- 
brating Screens 


Hercules Powder Co. 
Wilmington, Del. 
Explosives and Blasting Supplies 


Hetherington & Berner Inc. 
701-745 Kentucky Ave., Indianapolis 7, Ind. 
Asphalt Paving Machinery, Sand and Stone 
Dryers, Dust Collectors 


Illinois Powder Mfg. Co. 
124 N. 4th St., St. Louis, Mo. 
Gold Medal Explosives 


Iowa Manufacturing Co. 


Cedar Rapids, Iowa 
Rock and Gravel Crushing, Screening, Con- 


veying and Washing Plants, Hot and Cold . 


Mix Asphalt Plants, Stabilizer Plants, KU- 
BIT Impact Breakers, Screens, Elevators, 
Conveyors, Portable and Stationary Equip- 
ment. 


Jeffrey Manufacturing Co. 
E. First Ave., Columbus 16, Ohio 
Material Handling Machinery, Crushers, 
Pulverizers, Screens, Chains 
Kennedy-Van Saun Mfg. and Eng. Corp. 
2 Park Ave., New York City 
Material Handling Machinery—Crushers, 
Pulverizers, Vibrating Screens 


Kensington Steel Co. 
505 Kensington Ave., Chicago, Ill. 
Manganese Steel Castings, Dipper Teeth, 
Crawler Treads, Jaw Plates, Concaves and 
Hammers 


Keystone Driller Co. 
Beaver Falls, Pa. 
Drills, Power Shovels 


The King Powder Co., Inc. 
Cincinnati, Ohio 
Detonite, Dynamites, and Blasting Supplies 


Koehring Co. 
3026 W. Concordia Ave., Milwaukee, Wis. 
Mizxers, Pavers, Shovels, Cranes, Draglines, 
Dumptors, Traildumps, Mud-Jacks 


Lima Locomotive Works, Inc. 
Shovel and Crane Division 
1108 Lima Trust Bldg., Lima, Ohio 
Power Shovels, Draglines and Cranes 


Link-Belt Co. 
300 West Pershing Road, Chicago, III. 
Complete Stone Preparation Plants. 
veyors, Elevators, Screens, Washing 
Equipment, Speed-o-Matic Shovels— 
Cranes—Draglines and Power Transmis- 

sion Equipment 


Ludlow-Saylor Wire Co. 
Newstead Ave. & Wabash R. R., St. Louis, Mo. 
Woven Wire Screens and Wire Cloth of 
Super-Loy, Manga-Loy and all commer- 
cial alloys and metals 


Con- 


Mack Manufacturing Corp. 
350 Fifth Ave., New York 1, N. Y. 
Trucks, Truck-Tractors of All Types and 
Capacity, Gasoline or Diesel Power Optional 


Maguire Industries, Incorporated 
Nostrip Division 
122 E. 42nd St., New York 17, N. Y. 
Nostrip, Roctreet 


Marion Power Shovel Co. 
Marion, Ohio 
A Complete Line of Power Shovels, Orag- 
lines and Cranes 


McLanahan & Stone Corp. 
Hollidaysburg, Pa. 
Complete Pit, Mine and Quarry Equipment 
—Crushers, Washers, Screens, Feeders, etc. 
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New Holland Machine Co. 

New Holland, Pa. 

Limestone Pulverizers; Jaw, Roll, and Ham- 
mer Crushers; Elevators; Revolving and Vi- 
brating Screens; Dewaterers; Belt and 
Apron Conveyors; Conveyor Belting; V- 
Belts; V-Belt Drives; Engines; Electric 
Motors; Concrete Mixers with or without 
Power Lifts 


Noble Co. 
1860 7th St., Oakland 7, Calif. 
Batching Plants, Bulk Cement Plants 


Nordberg Mfg. Co. 

Milwaukee, Wis. 
Cone, Gyratory, Jaw and Impact Crushers; 
Grinding Millis; Stone Plant and Cement 
Mill Machinery; Vibrating Screens; Griz- 
zlies; Diesel and Steam Engines; Com- 
= Mine Hoists; Track Maintenance 

ools 


Northern Blower Co. 
65th St. South of Denison, Cleveland, Ohio 
Dust Collecting Systems, Fans—Exhaust 
and Blowers 


Northwest Engineering Co. 
135 S. LaSalle St., Chicago 3, III. 
Shovels, Cranes, Draglines, Pullshovels 


Pioneer Engineering Works, Inc. 
1515 Central Avenue, Minneapolis, Minn. 
Jaw and Roll Crushers, Vibrating and Re- 
volving Screens, Scrubbers, Belt Conveu-. 
ors, Traveling Grizzley Feeder 


Pit and Quarry Publications 
538 South Clark St., Chicago, Ill. 
Pit and Quarry, Pit and Quarry Handbook, 
Pit and Quarry Directory, Concrete Manu- 
facturer, Concrete Industries Yearbook 


Quaker Rubber Corp. 


Tacony and Milnor Sts., Philadelphia 24, Pa. 
Conveyor Belts, Hose and Packings 


Robins Conveyors Division, 
Hewitt-Robins Incorporated 
270 Passaic Avenue, Passaic, N. J. 
Belt Conveyors, Bucket Elevators. Gyrex 
and Vibrexr Screens, Feeders, Design and 
Construction of Complete Plants 


Rock Products 
309 West Jackson Blvd., Chicago, II. 


Sanderson-Cyclone Drill Company 
South Main St., Orrville, Ohio 
All Steel Wire Line, Air Speed Spudder, 
Large Blast Hole Drills, Drilling Tools 
and Drilling Supplies 


Screen Equipment Co. 
9 Lafayette Ave., Buffalo, N. Y. 
SECO Vibrating Screens 


Simplicity Engineering Co. 
Durand, Mich. 
Simplicity Gyrating Screen, 
D’centegrator, Simplicity 
Wheel 


Simplicity 
D'watering 


Smith Engineering Works 

E. Capitol Drive at N. Holton Ave., 

Milwaukee, Wis. 

Gyratory, Gyrasphere, Jaw and Roll Crush- 
ers, Vibrating and Rotary Screens, Gravel 
Washing and Sand Settling Equipment, 
Elevators and Conveyors, Feeders, Bin 
Gates. and Portable Crushing and Screen- 
ing Plants 


St. Regis Paper Co. 
2601 O’Sullivan Bldg., Baltimore 2, Md. 
230 Park Ave., New York 17, 


Automatic Filling and Weighing Machines 
and Multiwall Paper Shipping Sacks 


Stedman’s Foundry & Machine Works 
Aurora, Indiana 
Stedman Impact-Type Selective Reduction 
Crushers, 2-Stage Swing Hammer Lime- 
stone Pulverizers 


Stephens-Adamson Mfg. Co. 
Aurora, Il. 
Belt Conveyors, Elevators, Feeders, Car Pull- 
ers, Screens, Skip Hoists, Complete Plants 


Taggart Corp. 
(See St. Regis Paper Co.) 


Taylor-Wharton Iron & Steel Co. 
High Bridge, N. J. 
Manganese and other Special Alloy Steel 
Castings 


Tke Thew Shovel Co. 
Lorain, Ohio 
Power Shovels, Cranes, 
Locomotive Cranes, 
Electric, Gasoline. 
capacities 


Crawler Cranes 
Draglines. Diesel 
3/8 to 2-1/2 cu. yd. 


The Traylor Engineering & Mfg. Co. 
Allentown, Pa. 
Stone Crushing, Gravel, Lime and Cement 
Machinery 


Trojan Pewder Co. 
17 N. 7th St., Allentown, Pa. 
Explosives and Blasting Supplies 


The W. S. Tyler Co. 
3615 Superior Ave., N. E., Cleveland, Ohio 
Wire Screens. Screening Machinery, Scrub- 
bers, Testing Sieves and Dryers 


Vibration Measurement Engineers 
7721 Sheridan Rd., Chicago, Il. 
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